Abstract-Presently, a data fusion contest is conducted to compare the potential of airborne SAR with optical sensors for mapping applications. The goal of the test is to answer two questions: (1) Can state-of-the-art airborne SAR compete with optical sensors in the mapping domain? (2) What can be gained when SAR and optical images are used in combination, i.e., when methods for information fusion are applied? The test is organized in the framework of the IEEE GRSS data fusion technical committee (DFC), ISPRS working group III/6 "Multi-Source Vision", which both have strong relations with scientists, active in research on sensor fusion and automation in mapping, and -as the provider of the main organizational framework -the European Organization for Experimental Photogrammetric Research (OEEPE), which is the European research platform of national mapping agencies and other institutions, regarding technology developments to optimize the use of core data in a geoinformation infrastructure context. In the preparatory phase of the test, which has been started on the occasion of IGARSS 2001, test data has been collected and the scope of object extraction for mapping has been defined. The outcome of this phase, i.e. the test imagery to be used in the contest and its potential for mapping is presented in this paper.
I. DATA
A data fusion contest, titled "Information for Mapping from Airborne SAR and Optical Imagery", is organized under the umbrella of OEEPE, IEEE GRSS DFC, and ISPRS WG III/6 and will be started in summer 2002. The contest has been announced on the occasion of the International Geoscience and Remote Sensing Symposium 2001 in Sydney [1] . In the mean time, existing test imagery from three test sites has been collected and the object types to be extracted from the imagery have been defined based on an intensive discussion with parties interested in the investigation.
In order to be able to map objects, relevant for map scales of about 1:25,000, with sufficient correctness, completeness, accuracy, and robustness, it is advisable to use optical imagery with a resolution of 1 m, when automatic image analysis methods are to be applied. The reason for the use of such a high resolution (1 m in a scale of 1:25,000 corresponds to only 0.04 mm) is that it is difficult to interprete airborne imagery, when objects in complex environments are to be extracted. Another reason is that topographic maps often contain linear objects, which have a width of only 3 to 5 m.
When SAR imagery is to be used instead of optical imagery, speckle should be eliminated at least partially. Therefore, the SAR imagery should have a nominally higher resolution than the optical imagery. This is why it is planned to use for the mapping contest only SAR imagery of the worlds highest resolving airborne SAR systems presently publically available.
In order to also account for the large variety of modern SAR systems, different frequencies as well as polarimetric data were selected. Certainly, there are more parameters strongly influencing the appearance of topographic objects in SAR imagery -such as incidence angle and direction. In spite of their importance regarding object appearance, these parameters could not be considered for the selection of appropriate data, as the high demands of the contest, regarding resolution and other more practical matters, such as data costs and copyright, are already quite restricting. Nevertheless, the authors are convinced that the image data will provide a very good opportunity to investigate the applicability of SAR for mapping purposes.
The test areas to be investigated were selected neither to be of a too complex nor to be of a too simple structure. For instance, very densely built-up urban regions can hardly be found in the test data. They certainly would have posed a hard challenge for SAR imaging, so that it seems appropriate not to investigate them intensively at this stage of the test. Therefore, the test areas selected mainly include agricultural and forested rural areas as well as industrial areas with large flat buildings. They are located in Central Europe and Scandinavia.
The objects to be extracted from the imagery are roads, builtup areas, forests, agricultural fields, lakes, rivers, and railroads. Forests and agricultural fields should be subdivided into different types. The results of object extraction will be evaluated on the basis of different national mapping standards.
II. EXAMPLES Figure 1 shows examples of data samples, which are going to be used in the contest. They give an impression of the mapping potential of optical and SAR data, both in a competitive as well as a complementary sense. Fig. 1 a) shows SAR intensity data of the testsite of Trudering/Germany, acquired by the commercial airborne X-band sensor AeS-1 [2] . This sensor reaches a resolution of about 40cm and is, therefore, very well suited for mapping purposes. Due to the high resolution, speckle effects are small in this data, and distributed targets appear almost as smooth as in optical imagery. The detail magnification, shown in Fig. 1 b) demonstrates the high image quality that can be obtained with modern SAR sensors. In Fig. 1 c) a polarimetric SAR image of the testsite of Oberpfaffenhofen/Germany is shown, acquired by the E-SAR sensor of DLR [3] . Here, the resolution is lower (approx. 2x2m), but the polarimetric system allows the generation of color images. in interpreting areas which are ambiguous in simple amplitude images. Finally, in Fig. 1 d) a panchromatic optical image of the testsite of Oberpfaffenhofen can be found. Clearly visible are the differences to the SAR image. Many areas appear more clear than in the SAR image, but other, like for example forested areas, are less differentiated in the optical image. Additionally, atmospheric artifacts become a problem, too. Fig. 2 shows details of the polarimetric and the panchromatic image of Oberpfaffenhofen. The speckle problem in the SAR image becomes clearly visible at this magnification, but on the other hand on the man-made structures it can be observed that the true resolution of the SAR system is almost the same than the one of the optical image. One question to be answered in the contest is whether the bad visual impression of SAR data is only a subjective effect, or if the information content at the same resolution is really lower.
III. PHASES OF THE CONTEST
The test will be conducted in three phases. In phase 1, the participants will derive a visual interpretation of the data. The results will show the information content of the data independent of the performance of specific automatic object extraction methods and software. In this phase, mapping authorities, commonly active in state-or country-wide mapping projects, can give valuable contributions. Phase 1 will be started immediately after IGARSS 2002 in Toronto.
In phase 2, automatic object extraction procedures will be applied to each sensor's data separately. Regarding data fusion, the results will be reference data for the performance of object extraction without use of multi-sensor data. They will, at the same time, represent the outcome of a competition of sensors. Probably, the question can be answered whether SAR is already an alternative means of data acquisition in mapping projects, compared with optical sensors, or whether it even outperforms optical sensors. In this phase, the alternative use of only partial data of one or both of the sensors may be requested from the participants. Object extraction results will be analyzed by comparison with the digital reference maps. In phase 2, any party (private company, governmental authority, university or research institute) can compete successfully by presentation of results, reflecting its specific expertise, e.g. in automatic extraction of a specific class of objects, or in compilation of maps fulfilling specific official requirements. Phase 2 will be started in spring 2003.
In phase 3, mapping will be conducted based on data of both sensors, i.e. by multi-sensor data fusion. This phase will give any participant, interested in research on data fusion, a chance to prove how valuable multi-sensor data fusion is, by demonstrating the degree of improvement in accuracy, correctness, completeness, robustness, or scope of object extraction. Phase 3 will be started in fall 2003.
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